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)F DROPLETS WITH A ROTATING 
PRISM 


Bernard G. Saunders* 
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motion-pi and is used 1 
high Spx { oth 
transport is non intermittant 
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ture tc hnology 


n film editor 
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In Figur 
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a prism of thickness T 
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y dropping 
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Fig. |. Diagram showing how the prism of refrac 
tive index w and thickness T must turn through angle | 
to compensate for displacement D of droplet. Droplet 
will appear to remain on optical axis 
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Limitations 


For a prism having an index of refraction » 1.50 
, 


Equation shows that the droplet can move a distance 
{ 
D 28T when the prism rotates through an angle 
, 
r 8to+nrs8 \ rotating prism of thickness 
rr instance, will permit one to view or to 


lroplet moving through a distance of 


ity of the dr yplet by Equation 3 iS 


volutions sé 


Fig. 2. Curve showing how ratio of droplet’s ve 
locity dD dt to prism’s angular velocity di dt is affected 
by angle i that the normal to prism face makes with the 
optucal axis 


mn hiy 


& 


Fig. 3. Set-up used to calibrate angular velocity of 
prism against displacement velocity of droplets. Dots 
on rotating disc simulate droplets and move at constant 
rate. The prism is rotated at a speed at which the dots 
appear stationary when viewed through the eyepiece 


Droplet Veloc ity and camera objective 


higher than 1° hav 


W n lroplet ts ‘ , ong or 1 e 
h th ropl is moving along a normal to the When the prism is rotating, 8w occultations occur ea h 


| 


| ; } var xis and is of rotatK 
plane defined by the optical axis and axis of rotation of acoad Thus, if a prism ts used in the photography 


the prism, its rate of displacement v 1D/de along the 
normal ts related to the angular velocity {1 {t of the 
prism as follows 


of a moving object, the exposure time, 1/8 w se 


ond will he a function ot the ol ject s vi locity, of 


] 2 441 
Bu SV 


Figure two is a plot of the ratio of the droplet velocity 
to the angular velocity vs. the angle of incidence ). 305 

The curve is essentially linear between xr Sand + w/8 

[hat ts to say, the image of a constant-moving droplet Droplets moving 2.5 ft/sec and ‘'stopped’’ by a one 
will remain fixed if (a) the rotational speed of the prism — inch prism will expose a film 1/100 second, a time within 
is constant, and (b) if the normal to the face of the the latitude of photographic emulsions Droplets 
prism does not make an angle with the optical axis that moving much faster can still be seen by the human cy: 
is more obtuse than about 22.5 Condition (b) is the speed of detection being limited only by their bright 
satisfied by an cight-sided prism ne 
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Fig. 4. Plan of optical system showing how a rotat 
ing prism may be used to stop motion of droplets moving 
along axis | to page. A beam of light from the zir 
conium concentrated-ar¢ passes through the cloud 
chamber. Its cross-section is defined by a slit that is 
imaged at the center of the chamber by a microscope 
In this manner only droplets occupying a 
are illuminated Ihe droplets are 
to the beam path. A count of the 


objective 
known volume 
photographed at 90 


droplet images on the film gives the particle concentra 
tion of the aerosol in the expanded chamber 


Conclusion 
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sstully in photographing moving 
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ne the velocity of 
b) measuring th lativ 
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ment of droplets in conv 
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xpansion period 
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lig in motion 
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rotating at half speed 
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AERIAL PHOTOGRAPHIC RECONNAISSANCE AT 


NIGHT 


Thomas R. Cooney* 


C)., or the most important requirements of modern 


warfare is adequate intelligence about the enemy It is 
f ssary to know the location of vital targets within his 
icory, how severely th targcts have been damaged 

an attack by our Air Force, location of his troops 

held and other information in order to plan an ef 

One of th 


ampaign most important methods 
this inf is through acrial photo 


be completely 


braining rmation 
reconnaissance In 


this acrial tf 


order to 


oOnnaissance must 


artih 


tiv much of 


rformed at night ial source of 
; 


imination order to obtain photographs, and ha 
talized 


This requires an 
in th levelopment of spe amera 
and other equipment for photographic recor 
was done in tl 
h val 


luring the hours of darkness 
194] onsiderable research 
# might photography, and as ! 
was obtained from night photograph: 
luring World War Il Photoflash bom! 
tlhlumination at medium altitudes and th 
cf alcicucde 


a result, mu 


intelligen 
mnaissance 


ised tor 


Edgerton spark flash was used at the 
Night photography was also used extens ly 


mn Korean War Phoroflas! artridges ! 


lurir 
j 


velop. 


after spark flash as a sour 


World War Il, t pla 1 che 


operations 
States Air For 
\ ar fof / 
at night 


‘ imination tof 
Tr} Iperio;ricy of 
orld War II and 


mduct many of hi 


importance of night ography as j 
if rmatior 


rate ha vreatiy increa 


# the night photograpl 
hom}! Wa 


la photofla h 
imination for ph rf 
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0) mil per hour at a 


photographi 


vailabl ti I 
MI20AI phoroil 
rent iii 


» sult umn; 


night photography at th 
This bomb is & 


and w 


opera 
lern aircraft 

liam d he long igh 

It has a heavy tecl case and is loaded with & 
highly efi nt photoflash powder It pro 
r 4 billion cand power at peak tlhuminatior 
light is equivalent to the light 
2 flash bulbs The peak light out 
milliseconds after the bom! 


flash is 1% 


total integral 
$5,000 No 
pomp oO 
The total duration of the 
milliseconds The light from one bomt 
adequate illumination for photographing ai 


urs fiv 
homt 
is sufficient t 


provide 


arca of 36 square miles 
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Before taking off on a high altitude reconnaissance 
mission, the aircraft ts loaded with photoflash bombs 
Each bomb ts equipped with a mechanical time fuze 
which will detonate it a predetermined time after thi 
release from the aircraft The bomb is also equipped 
with drag devices which tend to pull it back after it ts 
rcleas« The combination of proper burst alcicude 
obtained from the fuze, and the trail behind che 
obtained by means of the drag devices, permits 
hod 


¢ } 


proper 
aircratt 
the ) t tonated in a suitabl positron with 


respect to the This gives a reasonably even 


a being photographed The 
al between pictures is equal to the interval be 

This alculated from 
the at and aft 


Cargct arca 
tllumination over the are: 
interval 1 
craft and th 
amera and should hb 
between photographs 


hom! 
fore 


sulficient tO gBive 
Normally 


cSsive photographs 1s require ! 


wed with a stereoscop 


big. 1 Aerial flash 
bomb for night pho 
tography containing 
85 pounds of flash 
powder and produc 
ing 4 billion candle 
power at peak illumi 
The light 
one MI20A1 
provides ade 
quate illumination 
for photographing an 
sqjuare 


nation 
from 
bomb 


area of 46 
miles 





Table I 


tO imazg 


ompensation for thi motion 

hig . Vertical 
camera K-46 for high 
ultitude photography ‘ 
It is feted with an ata rat qual to th ™ tf the imag 
f 4.5 lens of 24 inch i fir tly proportional to th 
focal length and pro r 1] } 

( eng O ' P 

duces pictures 9xI8 ona Ay nge 1 of th amefa an 


Image motion compet 
photogray hy by movi 


inches in size of th aircraft an 
which must be overcom 

har} es is the random motion 
Th ouons involve the pitch and roll to which 
aircraft is su ted and the high frequency vibrat 
which originate in th ngin and run through 

ler to eliminate th 

| 


rcraftt structur In or 


al 
these motions th amera is mount 


in 
mount which holds the camera steady 
position 

The operation of the photographic equipment 
he automatic or semiautomati if ac stotn 
ment ts not available in flight and the operator ha 
ther duties to perform in addition to operating 
photographic system In che ca of an RB (r 
naissance bomber) type aircraft ich as the RB-47 
the crew consists of the pilot o-pilot, at 
navigator The photo-navigator is responsi! 
navigation of the aircraft, operation of the photog 
ystem and release of the bombs or cartridg 
reconmaissan fight type aircraft only th 
ivailable Because of the number of fluc 
men have in addition to the operation of 
graphi ; sential that operation 


imple ; wo thi 

1 which hav 
tal Operation Oa minimum 
merol of the over: 


ryvom hanisn 


f artri 
vy tiluminat 
tM 


aratiy y ny ) ! at 


» - - 
high alticu otography, th Fig. 2. Flash cartridge for low altitude aerial photog 


, , ri raphy at night The seven ounces of flash powder it 
tenth © yer . I — oF contains produces over 100 million cp at peak illumina 
xpo ! ou tion 
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photo-navigator to set most of the necessary parameters — th amera shutter with the explosion of the bomb or 


into the controls before reaching the target area He cartridge, proper film movement for image motion com 


an determine ground speed and altitude (necessary to pensation, cycling of the film after each ex posure and 


provide correct image motion compensation { 


interval between photographs and number of photo complished without further attention from the photo 


he taken on a given run Since the fuze time navigator 


esired proper operation of the stabilized mount are all a 


graphs to 
bomb or cartridge and the camera focal length 1s The United States Air Force by using the equipment 
efore the mission begins, this information available will be able to keep a future enemy under sur 
set into the control system betore the aircr: akes veillance in darkness as well as daylight. Considerabl 
With the necessary data set into the « ; as this a omplishment may seem, it is far trom being 
phoro-navigator has only to close a the ultimate and the Aerial Reconnaissance Laboratory 
nei cration The release of f j Wright Air De velopm« ne Center, 1s continuing research 
artridges at th ired rval tor ‘ velopment work tn an effort to further extend th 


verag th hroniz: naissance capability of the Air Fore 


THE FORMATION OF THE PHOTOGRAPHIC LATENT 
IMAGE IN THE SILVER HALIDES 


G. W. Luckey* 


a 1938, Gurney and Mott offered thet heory « oft lord which protects ar ates it from its neigh 
the formation of the latent image which rrela d bor Hamm and Comet av cently photographed 


large number of xperimental facts and was gelatin envelop and they b ve that the grains are 


ssful in predicting new i : f i f urrounded by a silver-gelatin complex larhier studs 


years betw formulation y al of th mmplex are summarized by these author 
pt a considerable amount of work h: Y ) Phe phot ygraphi thle becau 
t theory 1d it, and mak no f F whi have beet » ing levelop fast 
t! This arts summarize so \ f w! ‘ I xposut 


st some additional experiment odu } velopment rate produ 


swell known that th photographic negat ! lang grain bor this t 
r, produ I by ct f con of iohes idden or ‘latent imag 
halide 


thi 


hotographi julsior 
lopment There ar veral billion 
ry square inch of emulsion This larg 
tals permits the storage of a vast amount 
on a photogray hic fil The grain 
ilar micrograph are flat triangles or hexa 
possible to make th ains in other shape 
vary their siz 


The silver halid 


pen 


other protectiv Lhe ach grat 
= S a a! Whe 


Fig Photomicrograph of photographic emulsion 
grains before exposure and development 
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gold-developed 
exposed to high 
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image 
intensity light 
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developed and 


j 
tron mi 

and Hamm 

lectron micrograph 

amplified by pr 

ln phy ica 


Nxatiot 
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formation of 


r thar 
Hoerlir 
tribution of th 
light 
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loper rath 
th hniqgu 


Hamm 


t imag yh low-intensity 


hown that 
tural tm ; 
Thi a 


Ipport ts which show 


nts which d talls ilver also d 


work of R 
lat nt iar ! not | 


bromid rystals af onverted to silver 


Stroy 
imag und by th 


i chat che 


tent nwick 
how iwh 


! 


Stroy 
ilvet 
with potas olution 

ld of silver formation by 
xposures wa st measured by 
worker ‘and later by many others 


Mucter®* measured che 


formation with silv 


ium i 
ficirency or quantu " 
| 


light lggert an 


notably 
ld of 


Ipicat § and 


Meidinger quantum yr 


pirninn bromide pres 


howed that it is equal to the yield of silver formation 


mulsions and precipitat when recombination of 
vented, the 
ney 1s between $0 and 100 percent at wavelengths 
n 3650 and 4360 A In thick fused crystals, ch 

y in this region of the spectrum dect 


neth ** This differen 


hotolytic silver and halogen ts pr 
| } 


ases with 


ing wavel 


berween thin 


and thick crystals 1s caused by re 
photolyti produc ts formed mor 
low the crystal surface 


The location of the latent imag 


ombination of th 
than 2000. $000 A b 


‘ 


in silver halide emul 
ion grains has been determined by Kempf** and by many 
others.'* ‘ * The mage can be on th 
900 A below the 
ntensity exposure pr xdu s 


grain sur 
High 


than 


ta or as much as 


surta 


more internal image 
yw -intensity exposur 
Ihe amount of light n sary for latent-imag« 
letermined by several methods. ** 
Webb concluded that a latent 
levelopable by ordinary methods can be formed 
by the action of 
rhit Berg’** has 


igercegate of silver 


forma 


tion has been 


After 


image 


a thorough study, 


and twenty 
summarized th viden 


hetween four quanta of 
fora stab! 
not readily levelop } 


Katz** and Webb 


to produ b] 


atoms which ts 


y ordinary ft lucing agent 


howed this stab] 


| 


reased of 


that two quanta sufh 


ageregat If the size of this subimage ts in 


latensified agents or by 
yw-intensity light exposur it develops easily 
Burton and Berg*®* more recently James and 
Van have shown that prolonged d 
; 


by treatment with chemical 


and 
clow* velopment or 
this sub 
subimage differs 

Further 
atom from 


evelopment with special agents will reveal 
These authors believe that th 
from the ordinary latent imag 
x periments show that removal of only on 


imag 
only im siz 
this subimage destroys it.* From thes 
the work of Kornfeld and James** tt is 
atent image 


lata and from 
prol abl that ch 
can be formed by the accretion of as few a 


rwo silver atoms 


Action of Light 


first law of photochemistry stat 
{ light produces chemical 
absorption Spx tra of the 

Unfortunately, ut 


only ab 
Therefor 
halides are 
that 
rror at long wave 
This error is apparen aused by i 


that 
chang 
silver impor 
many of th 
asurements of thes spec 
neths lisord f 
impurities in the samp! ised for the measurements 
efeldt and co-workers“ and Kaiser** measur 
{films. Slade and Toy* and Hilsch and Pohl 
asured fused films and their data are probably mor 
ab] The recent work of Milliman” indicates chat 
long-wavelength absorption coefficients of silver 
loride at Kaiser for films 
i Further increases 
in crystal purity and order may decrease th 
neth mor It 


crystals have th 


al orat 


close to thos r port ] by 


ensed at room = temperature 


long-wav 

octhcients evet that 
halide same type of ab 
wption, but the long-wavelength tail ts shifted towar ! 


has been shown 


mixed silver 


the red end of the spectrum 

Seitz* summary of the eviden 
which shows that the absorption of the silver halides ts 
aused by the 


has published a 


excitation of the halogen-ion electron 
The absorption data suggest that the energy: gap b« 
tween the filled and the conduction bands of the 
halides ts about 4clectron volts 

Schneider and O' Bryan** have measured the absorption 
of silver chloride in the vacuum ultraviolet Additional 
measurements in this region would be most useful 


sily r 


Electrons and Holes 


The absorption of light by the silver halides usually 
} : 
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Fig. 4 Electron micrograph of a gold-developed 
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t that thi , i aus an increase in 
This may occur 
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Mitchel 
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film 
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Both ch 


mar ‘ f cadmium 


athineg 


iehe x posul 


wnsi { rabl 


‘ ; 


found 


photographs julsio u k y 


n formed neth-light x 


rystal Positiv 


irta vrait ombin 


wm ha 


ocning ha suggested that gclatin forms a silver 


atl omplex which ts light-sensitive and produces 


tron traps on to lighe (sclatin sensitizes 


halide ol 
produ ts 


cxpo ul 
ombination of the 
Mitchell’ has 


{ gclatin layers 


and prevents 1 
found evi 
Thes« 


onfused with 


photolyts 
let of 
produce 1 by gelatin should not be 
discu : 


primitiy 


aisé) 
ensitization by adsorb 


' 
(ral 


the primitive 


nown 


abov Loening™ has 


scall pore 


traps 


that the traps af sent in sols 


which do not contain geclatun These gclatin traps may 
yields of gelatin emulsions 


than th 


xplain why the 
at 100 ¢ are yields of large 
halide temperature 
Further tests of this gelatin sensitization by the methods 


Jone 5, and Rob rts 


quantum 


so much larger 


4“ 


ilver crystals at the sam 


of Low would be desirabl 
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Recombination 


West and Carroll’ found that the intensity-dependen 


#t photocon luctivity in emulsions follows root 
that 
Pho 


that sucl 
tra} > are 


ad square 
They concluded 
the electrons can recombine with positive holes 

tolysis experiments with large 
hol or ke 


relation at high light-intensity 


crystals show 
recombination occurs when 


na ! 


tron 


4“ 


q lat 


Lattice Disorder in Silver Halides 


later 
workers The 
xperimental data for large fused crystals have been sum 
1 by Seitz.* ms likely that Frenk 
onsisting of interstitial silver ions and silver 
halides 
is shown in Figur 
thermal 


rin the silver halide 
studi / by 


! 


if nt years the lisord 


has been extensively many 


mariz It now sc 
lefect 
he low th 


ancl silver 


nt This 


prevail in th 
lisorder four 
r tons are xcited by vibrations and 
through the lattice in the manner shown The 
Thes $s of 
strongly temperatur 
pendent Ac liquid nitrogen there 
almost no mobility At mperatur 
million ts mobile Th 
of motion tor the lefects in 
n recently determined by T 
Patrick and Lawson™ 
measurements of 
that the positive-ton vacancy 
lectron-volt The 


| tron-vole 


17 


r-ion vacancies are also mobil 


ation an i 


proc Ss 
motion of defects ar 
] temperatur 
ion room [ 
about one 10n in every nerg! 
bromide hav 


Kurnick 


lata with th 


two silver 
and by 
{ these 


thermoclectric power and conclud 


lrow 
my at 


mobility energy | 


interstitial-ion mobility energy 


ition to this disorder, silver tons can also mov 


boundarties.™: * The a 
motion in silver bromide 1 


‘' West that 
ions are immobilized by a gelatin 


acks and grain 
this 


clectron-volt 


nergy for 


about 0. ¥ showed most of 


these surfa 
How Vet 


boun ! 


coating 


gelatin may not affect the internal grain 


ary ton motion 


{¢ 1 


As mentioned above, there is considerable evi 
that silver halide crystals contain an appreciable number 
Hedges and Mitchell™ have published 
llent group of photomicrographs in which photo 


Additional 


of dislocations 
an xi 
reveals the lislow ation lines 
for che lislocations in silver halide 
presented by Seitz Nyc.’ Forty’ 


recently published a review of dislocation phenomena 


lytic silver 


eviden presence of 


has been and has 


The Gurney-Mott Theory 


One of the main problems of photographic theory ts to 
explain how trapped electrons form groups of silver 
atoms. Gurney and Mott! suggested that the trapped 
clectrons are neutralized by diffusion of interstitial 
silver tons to the traps, forming silver. By a repetition 
of this process, the silver specks grow to a size where they 
can catalyze the development of the silver halide grain 

Much of the support for this theory was provided by 
experiments on reciprocity failure. Ic is well known 
that the product of the time and the light-intensity 
does not determine the effect of an exposure The effect 
decreases at low and high light-intensitics. Increasing 
temperature high-intensity failure and in 
creases low-intensity failure 


dex reascs 
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Fig. 4. Schematic diagram of Frenkel disorder in a 
silver halide, consisting of interstitial silver ions and 
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A METHOD FOR DETERMINING AREAS OF 
EQUIDENSITY IN PHOTOGRAPHS 


H. B. Archer and W. L. Rhodes* 
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—— 
Figs. 5-7. Equidense areas are isolated by combining the appropriate tone-separation negatives and positives. Steps 1, 2, and 
4 are isolated progressively in the series starting with Figure five 
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PROPERTIES OF DEVELOPING AGENTS. 
VI. ACCELERATION OF WEAK AGENTS BY 
COMBINATION WITH PHENYLPYRAZOLIDONE"’ 


R. W. Henn and J. R. King 
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Fig. 5. Alterations on a police department copy of a 
trafic ticket (lower right) and on the prosecutor's copy 
(upper right) compared with the offender's unaltered 
copy on the left. The photographs, made on litho 
type film, clearly show the alterations made in a “fx 
case, canceling out the color contrast differences be 
tween black writing on white paper (upper right) and 
blue carbon writing on yellow paper 
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